Background and Aim: Early transjugular intrahepatic portosystemic shunt (TIPS) used as preventive therapy prior to recurrent bleeding has been recommended in patients presenting with acute esophageal variceal bleeding (EVB) who are at high risk of further bleeding and death. We investigated the impact of early TIPS on outcomes of US patients hospitalized with EVB from 2000 to 2010. Methods: The Nationwide Inpatient Sample database was queried to identify patients with EVB and decompensated cirrhosis (because early TIPS is recommended only in high-risk patients). The primary outcome was in-hospital death, and secondary outcomes included rebleeding and hepatic encephalopathy. Early preventive TIPS was defined by placement within 3 days of hospitalization for acute EVB after one session of endoscopic therapy. Rescue TIPS was defined as TIPS after two interventions for EVB. Results: The study included 142 539 patients. From 2000 to 2010, the age-adjusted in-hospital mortality rate decreased 37.2% from 656 per 100 000 to 412 per 100 000 (P <0.01), while early and rescue TIPS increased (0.22% to 0.70%; P < 0.01 and 1.1% to 6.1%; P < 0.01). On multivariate analysis, as compared with no TIPS, early TIPS was associated with decreased inpatient mortality (risk ratio [RR] = 0.87; 95% confidence interval [CI], 0.84-0.90) and rebleeding (RR = 0.56; 95% CI, 0.45-0.71) without an increase in hepatic encephalopathy (RR = 1.01; 95% CI, 0.93-1.11). Conclusion: Early preventive TIPS in patients with EVB and decompensated cirrhosis was associated with significant in-hospital reductions in rebleeding and mortality without a significant increase in encephalopathy in "real-world" US clinical practice.
Introduction
Esophageal variceal bleeding (EVB) is a severe complication of portal hypertension with significant morbidity and mortality. The greatest risk of rebleeding in patients presenting with acute EVB occurs within the first 48-72 h, and over 50% of rebleeding episodes occur within the first 10 days. 1 The current approach for acute EVB combines endoscopic band ligation and pharmacologic treatment as first-line therapy. [2] [3] [4] [5] [6] However, 10-20% of patients will have persistent or recurrent bleeding necessitating alternative "rescue" treatment with transjugular intrahepatic portosystemic shunt (TIPS). 7 Early TIPS (within 72 h of presentation) as preventive therapy prior to recurrent bleeding has also been studied in patients presenting with acute EVB. Small, randomized trials of early TIPS report benefit in patients at high risk for further bleeding and death, such as those with a hepatic venous pressure gradient >20 mmHg or with Child-Pugh class C cirrhosis (Child-Pugh score [10] [11] [12] [13] or Child-Pugh class B cirrhosis with active bleeding. 8, 9 However, population-based studies of the impact and timing of TIPS on outcomes of patients with EVB are not available. We used a US nationwide database to determine the impact of early TIPS when utilized for prevention of rebleeding and of rescue TIPS used to treat persistent or recurrent bleeding in hospitalized patients with decompensated cirrhosis and EVB. We hypothesized that early TIPS would be associated with decreased mortality and rebleeding during hospitalization of decompensated cirrhotics with acute EVB.
Methods
Data source and extraction. The Nationwide Inpatient Sample (NIS) database was queried to identify patients with EVB in the US from 2000 to 2010. 10 The NIS is part of the Healthcare Cost and Utilization Project, sponsored by the Agency for Healthcare Research and Quality. The NIS is a database of hospital inpatient stays derived from billing data submitted by hospitals to statewide data organizations across the US inpatient data includes clinical and resource use information typically available from discharge abstracts. Each discharge is coded with a principal diagnosis for that specific hospitalization in addition to the potential for 14 secondary diagnoses and 15 associated procedures. The NIS is the largest US inpatient care database, encompassing hospitals from a total of 46 states, which comprise 97% of the US population.
Inclusion and exclusion criteria. Patients were identified by hospitalizations related to EVB through appropriate International Classification of Diseases, Ninth Edition, Clinical Modification codes. Patients were initially included with a primary diagnosis of esophageal varices with bleeding or patients who had a secondary diagnosis of bleeding varices but a primary diagnosis of cirrhosis. We used previously defined criteria for decompensated liver disease by using the Baveno V classification of cirrhosis severity. 2 The Baveno five-stage classification system has been devised as follows: (i) compensated cirrhosis with no varices, (ii) compensated cirrhosis with varices. (iii) upper gastrointestinal bleeding without ascites, (iv) ascites (and/or hepatocellular carcinoma, encephalopathy, or jaundice) without bleeding, and (v) ascites and bleeding (with/without hepatocellular carcinoma, hepatic encephalopathy, or jaundice). 11, 12 Only patients with decompensated liver disease as defined by Baveno V classification (stages 3 and 5) were included in our analyses.
Clinical characteristics and covariates. Demographic information was collected, including gender, age, and race/ethnicity. Additional characteristics extracted included etiology of liver disease as well as disease complications: hepatorenal syndrome, hepatocellular carcinoma, ascites, sepsis, encephalopathy, or development of spontaneous bacterial peritonitis. Procedures examined included esophagogastroduodenoscopy (EGD) and endoscopic therapy for variceal bleeding, balloon tamponade, interventional radiology, surgery, and TIPS occurring during hospital stay. The Elixhauser Comorbidity Index was calculated based upon the Agency for Healthcare Research and Quality comorbidity measures obtained from the NIS. 13 The original index contained 30 comprehensive categories of comorbidity; however, the list of specific International Classification of Diseases diagnoses was expanded to 31 categories in 2012. 13, 14 An Elixhauser Comorbidity Index of >2 is associated with adverse outcomes and can be used to predict in-hospital mortality. 15 Early TIPS was defined by placement within 3 days of hospitalization for acute EVB after one EGD with endoscopic therapy. This definition was chosen to simulate recommended practice in which initial endoscopy to diagnose EVB and provide endoscopic therapy prior to the early TIPS is recommended. 6, 13 Rescue TIPS, used to treat patients with persistent or recurrent bleeding, was defined by two or more EGD's with endoscopic therapy or one EGD plus a non-endoscopic intervention for control of variceal bleeding (i.e. balloon tamponade, interventional radiology, or surgery) prior to TIPS. Rebleeding was defined as at least two blood transfusions following initial endoscopic or non-endoscopic intervention for control of variceal bleeding or repeat endoscopic or nonendoscopic intervention for control of variceal bleeding. Additional hospitalization data included day of admission (weekday or weekend), route of admission, mean length of stay, hospitalization charges, and primary payor source. Further details are highlighted in Appendix I.
Measured outcomes. The primary outcome measure was in-hospital death. Secondary outcomes included rebleeding, hepatic encephalopathy, sepsis, length of hospital stay, and hospitalization cost.
Data synthesis and statistical analysis. Data were analyzed using the STATA 13.0 software package (Stata Corp LP, College Station, TX). Healthcare Cost and Utilization Project NIS data are provided in a two-stage cluster design incorporating clustering at the hospital level and discharge level. The project provides weighting of discharges based on the hospital type and volume of discharges relative to the sampling region. Quantitative variables were expressed as means ± standard deviation (SD). Two-way chi-square analyses were performed on categorical variables. The age-adjusted mortality rate was calculated for each year of study by summing the product of age-specific mortality rates by the age-specific weights. For trends in overall population, the total number of cases were standardized per 100 000 based upon total population derived from the US census data for specific year (2000 to 2010). 16 The weights used in the age adjustment of the data were the proportion of the year 2000 standard US population within each age group. 17 Secular trends in mortality rates were observed in linear Poisson regression models. The models were used to observe the effect of the period of diagnosis (independent variable) on the in-hospital mortality rate (dependent variable), while controlling for other independent variables. Risk estimates and 95% confidence intervals (CIs) were calculated for all independent variables in the final model. Poisson regression with robust (Huber-White) standard errors was also used to determine incident risk ratios (RRs) for predictors of in-hospital mortality. Prior to our analysis, we tested the Poisson models for overdispersion using a Pearson goodness-of-fit test. Models were not overdispersed and were appropriate for our analyses.
We also hypothesized that improved care and incorporation of guidelines for variceal bleeding may have improved survival and would be reflected in decreasing mortality RRs from year to year. Therefore, we created interaction terms between each diagnosis and year of discharge (EVB 2000, EVB 2001, and so forth). To validate our results in patients with a Child-Pugh score of <14, we carried out a sensitivity multivariate analysis limited to patients without ascites because the maximum Child-Pugh score for patients without ascites is 13.
Results
Demographic and clinical characteristics. A total of 142 539 patients with a discharge diagnosis of EVB were included in our study. Demographic and baseline characteristics are shown in Table 1 . A majority of the study population was White people (65%) and men (68%). The mean age was 58 (SD 0.6) years. The average Elixhauser Comorbidity Index of patients was 2.9 (SD 1.7). Early TIPS was performed in 0.5% (n = 713) of the population studied. The primary method or route of admission was through the emergency department (n = 97 924 or 68.7%) with a mean hospital stay of 5.5 days. The mean hospitalization cost accrued for one visit was $35 453 with the largest proportion of patients covered by Medicare (n = 60 722 or 42.6%). Elixhauser comorbities of included patients are shown in Table S1 .
Trends in variceal bleeding. From 2000 to 2010, the number of patients with EVB increased by approximately twofold (n = 7839 [2.8 per 100 000] to n = 16 391 [5.3 per 100 000]) with a gradual increase each year during this period (Table S2) . 18 During the same period, a decline in overall inhospital age-adjusted mortality rate was seen among patients with EVB (decreased 37.2% from 656 per 100 000 to 412 per 100 000 [P <0.01]; Fig. 1 ). The age-adjusted mortality rates were consistently higher in men as compared with women during the study period, and both sexes demonstrated decreasing mortality rates over the study period. Age-adjusted in-hospital mortality rate for men decreased from 749 per 100 000 to 505 per 100 000 from 2000 to 2010. Similarly, the age-adjusted in-hospital mortality rate for women decreased from 557 per 100 000 in to 313 per 100 000 over the study period (Fig. 1) .
Use of transjugular intrahepatic portosystemic shunt. Utilization of TIPS (early and rescue) significantly increased over the study period ([0.22% to 0.70%; P < 0.01 and 1.1% to 6.1%; P < 0.01, respectively]; Fig. 2 ). Linear univariate Poisson regression analysis showed a significant inverse association of TIPS utilization and the mortality rate ratio of EVB from 2000 to 2010 (RR 0.88; 95% CI: 0.83-0.92). Overall, early TIPS had a lower rate of in-hospital death compared with patient with no TIPS and rescue TIPS, ([1.5% versus 5.6%; P <0.01 and 1.5% versus 8.1%; P < 0.01, respectively] Table 2 ). Early TIPS also showed a lower rate of rebleeding when compared with no TIPS and rescue TIPS (0.5% versus 15.4%; P <0.01 and 0.5% versus 2.2%; P <0.01, respectively). When comparing in-hospital rate of encephalopathy, early TIPS was similar to no TIPS and Early TIPS was not associated with higher rates of hepatic encephalopathy or sepsis compared with no TIPS or rescue TIPS (Table 2) . A sensitivity analysis limited to patients without ascites revealed similar results (Table S3) : compared with no TIPS and rescue TIPS, early TIPS was associated with decreased inpatient mortality (aRR 0.80; 95% CI, 0.82-0.92 and aRR 0.81; 95% CI, 0.79-0.89, respectively). A significant decrease in inpatient rebleeding rates was also noted in our sensitivity analysis in the early TIPS group compared with no TIPS and rescue TIPS (aRR 0.49; 95% CI, 0.44-0.77 and aRR 0.52; 95% CI, 0.49-0.69, respectively).
Discussion
This US nationwide database study showed that early TIPS was associated with decreased rebleeding, inpatient mortality, and length of hospital stay among inpatients with decompensated cirrhosis and acute EVB. Sensitivity analysis with early TIPS performed for EVB in decompensated cirrhotics without ascites (which guarantees all patients had Child-Pugh score <14) also showed similar results. A significant decrease in inpatient mortality among decompensated cirrhotics with EVB in the US was also seen from 2000 to 2010, with a concurrent increase in the utilization of TIPS.
Previous small, randomized trials have supported the use of early TIPS as a treatment for prevention of rebleeding and death in selected patients with acute EVB. Cello et al showed no significant difference in outcomes during initial hospitalization, and EVB was significantly less frequent in the early TIPS group (mean follow-up 570 days). 19 Other outcomes measured were not significantly different. Monescillo and colleagues demonstrated significantly improved inpatient mortality and control of acute bleeding with early TIPS in a randomized trial of 52 patients with hepatic venous pressure gradients ≥ 20 mmHg; however, TIPS was again not compared with current standard therapy, ligation, but rather to sclerotherapy. 8 More recently, García-Pagán et al compared early TIPS to combined medical therapy and endoscopic ligation and showed significantly lower rates of uncontrolled bleeding/rebleeding and mortality at 6 weeks and 1 year (1-year actuarial survival of 61% in the pharmacotherapy-ligation group versus 86% in the early TIPS group [P < 0.001]). 9 A subsequent retrospective observational study of 75 patients with the same criteria in the same centers after completion of the randomized trial reported a benefit of early TIPS in control of bleeding or rebleeding at 2 years (but not 6 weeks) and a trend to a mortality benefit over 2 years. 20 Thus, randomized trials indicate a benefit of early TIPS in prevention of long-term further bleeding. Results, however, are mixed regarding the short-term benefit of early TIPS, with one study reporting benefit during the initial hospitalization 13 , and two others not documenting this. 14, 21 Nevertheless, these studies were small and only one compared early TIPS to the current standard of care. Furthermore, these studies were generally performed at centers with expertise in the management of cirrhotic patients with variceal bleeding. To our knowledge, no population-based studies have assessed the impact of early TIPS on EVB outcomes in clinical practice.
We found a steady rise in the annual number of patients with cirrhosis and acute EVB in the USA from 2000 to 2010. This occurred despite evidence-based recommendations to employ medical therapy and/or ligation for primary and secondary prevention of variceal bleeding. 3, 18 This increase is likely secondary to the maturation of the hepatitis C epidemic and the rise in non-alcoholic fatty liver disease. Previous data extracted from the NIS database have shown a growing number of patients with cirrhosis from 2002 to 2010 (discharge diagnosis n = 71 899 to n = 99 252, respectively). 22 Despite the increase in EVB over the 10-year study period, we did find a nearly 40% decrease in hospital mortality in patients with EVB. This presumably is due at least in part to improved management of EVB, including use of TIPS, but also may relate to improvements in overall management of cirrhosis.
A previous study by Schmidt and colleagues demonstrated a steady decline in inpatient mortality among hospitalized cirrhotic patients in the USA from 9.1% in 2002 to 5.4% in 2010. 22 In addition to the increase in use of early TIPS, a much larger absolute increase in the use of rescue TIPS was identified from 2000 to 2010. This group represents a high-risk population with further bleeding in the hospital and, as expected, has a higher mortality than those with no TIPS or early TIPS. However, the marked increase in rescue TIPS from 2000 to 2010 also may account for at least a portion of the improvement in mortality, as TIPS replaced no therapy or therapies that are less effective and/or more morbid for treatment of further bleeding after hospital admission (i.e. balloon tamponade, surgery).
Our study had several limitations. Laboratory data to compute the Child-Pugh score or model of end-stage liver disease score in our cohort of patients cannot be obtained from the NIS database. The Child-Pugh score and model of end-stage liver disease score have been shown to predict outcomes in patients with EVB. 17, 21, 23 However, we were able to use the Baveno classification for cirrhosis severity to select decompensated patients, and based on the absence of ascites, we were also able to identify a subgroup of decompensated patients who had a ChildPugh score of <14. This notion that patients at high risk of rebleeding should receive consideration for early TIPS was again demonstrated in retrospective studies and more recent guidelines including the updated Baveno VI report. 9, 20, 24, 25 However, while early TIPS with polytetrafluoroethylene (PTFE) covered stents have demonstrated impressive results (improved survival 86% with early TIPS vs 61% with band ligation and pharmacotherapy, at 1 year) 9 , the NIS database does not allow for the ability to differentiate between different stent types. While PTFE stents are more common in traditional US practice today, an inability to differentiate between different stent types remains another limitation to our study.
Furthermore, the diagnosis of EVB and identification of comorbidities is dependent on the accuracy of coding procedures. While large datasets based upon insurance reimbursement may be affected because of the several assumptions in the analysis, a recent study demonstrated administrative data can identify patients with cirrhosis with high accuracy. 26 Additionally, previous studies have defined a combination of codes for EVB to improve the sensitivity, and we adapted the codes from these studies. 22, 27 Although, we found no significant increase in hepatic encephalopathy in patients with early TIPS compared with no TIPS or rescue TIPS, this does not confirm that there was no difference in incident hepatic encephalopathy with use of early TIPS because the NIS database does not differentiate between outcomes that develop during an inpatient stay versus those present prior to hospitalization. Nevertheless, recent randomized trials in high-risk patients also failed to show an increase in hepatic encephalopathy with early TIPS as compared with endoscopic and medical therapy 13, 14 , possibly because a reduction in rebleeding also reduced subsequent hepatic decompensation. Moreover, additional management questions are unable to be answered by our analysis including changes in pharmacotherapy standard of care over time (i.e. type and duration of antibiotics, choice of vasoactive agent, and the transition from sclerotherapy to band ligation).
In addition, our definition of early TIPS, requiring TIPS after initial endoscopy with endoscopic therapy, was chosen to simulate the recommended practice of performing initial diagnostic and therapeutic endoscopy prior to early TIPS. However, because NIS is not a medical records database, we cannot rule out that some early TIPS cases were miscategorized because the hospitalization for EVB represented a second or third episode of rebleeding after prior hospitalizations or because patients had clinical evidence of persistent bleeding after their initial endoscopy, which led to rescue TIPS rather than early preventive TIPS. Given the nature of the dataset, we cannot rule out that patients were admitted for their first variceal bleed as compared with a recurrent bleed. Also, because TIPS is not readily performed at all hospitals, the results of this study may not be generalizable.
Despite these limitations, our study has several strengths and clinical implications. All of the patients included in this database were admitted with EVB and had decompensated cirrhosis. The sampling of EVB patients spanning the US population over a decade is also an advantage over smaller, singlecentered studies. Furthermore, the use of data from a nationwide population-based sample minimizes the possible biases that may be seen in single-center studies and provides strong data for generalizing the observations from this study to clinical practice in the USA.
In conclusion, this population-based study from the USA demonstrates the significant impact of early TIPS on EVB outcomes in patients with decompensated cirrhosis. The early use of TIPS as a preventive treatment was associated with significant shortterm reductions in rebleeding and mortality. The small percentage of eligible cases receiving early TIPS suggests that there is room for further improvement in the treatment of patients with decompensated cirrhosis and EVB. Early use of TIPS, together with patient and physician education on current guidelines and treatment protocols, should continue to be a priority to improve patient outcomes.
